Introduction
Luzhou-flavor liquor, also named as Chinese strong-flavor liquor, is the most acceptable liquor in China ).
All of the famous Luzhou-flavor liquors are distilled from Zaopei, a mixture of fermented grains including sorghum, corn, wheat and rice, which is fermented in a soil underground cellar constructed by pit mud . Generally, pit mud is made from yellow mud, Daqu, Zaopei, yellow water, liquor and cultures from old pit mud. Pit mud is closely related to the quality and yield of Luzou-flavor liquor, and some famous liquor-making enterprises such as Wuliangye, Luzhoulaojiao and Jiannanchun, even have pit muds been used to produce liquor for hundreds of years without interruption (Zhao et al., 2012) . (Shi et al. 2011) . Some pit muds even have to be cultivated for more than 20 years to become aged (Ding et al. 2014) . As a result, the proportion of composite aroma in liquor fermented in aged pit mud becomes appropriate, which makes the liquor good quality with Luzhou-flavor, as a highly flavored, sweet examined by electrophoresis on 1% agarose gel.
Illumina Miseq sequencing
The PCR products were sent to Sangon Biotech (Shanghai) Co., Ltd., (Shanghai, China) for sequencing on the Illumina Miseq sequencing system. Pairs of reads were merged according to the unique sample barcode sequence, followed by quality control processing (lengths between
400
_ 600 bp, and the average length 440 bp). 
Results
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index and coverage were also presented in Table 2 . The numbers of Shannon and Chao1 index in new pit muds were higher than those in aged pit muds, which meant higher prokaryotic diversities of new pit muds. Based on the relative abundance of OTUs (Supplementary Fig. 2A ) and the Bray-Curtis distance, prokaryotic communities in four cellars formed two clusters, as follows, group 1 contained A1 and A2, and group 2 contained N1 and N2
( Supplementary Fig. 2B ).
Taxonomic complexity and changes of pit mud community
In total, 88.2% of all reads were affiliated with bacterial phyla and 11.8% of total reads were assigned to archaeal phyla ( Figure 1 ).
The dominant bacterial phyla (>5.0% of total reads) were Firmicutes (58.2%), Bacteroidetes (13.0%) and Proteobacteria (8.1%), and the dominant archaea phyla were Euryarchaeota (11.0%). There were five out of prokaryotic genera as those with relative abundance higher than 1.0% at least in one sample included in archaea bacteria, Methanoculleus, Methanolinea, Methanosaeta, Methanospirillum and Thermogymnomonas, belonging to the Euryarchaeota phylum. The process of aged cellar Supplementary Fig. 2A . Richness rarefaction plot of 97% 16S rDNA sequence similarity. resulted in dramatically decrease in total prokaryotic phyla, as 38 in N1, 34 in N2, and 10 in both of the aged pit muds. There existed 33 phyla only detected in new pit muds, especially DeinococcusThermus (6.4% and 2.1%) and Verrucomicrobia (0.5% and 0.3%).
As the dominant bacterial phylum, Firmicutes mainly contained the class of Clostridia and Bacilli in pit muds. Ratios of Clostridia in new pit muds were 5.3% and 16.6%, and they counted for 25.3%
and 66.5% in aged pit muds. The numbers of Proteobacteria in new pit muds was higher than those in aged pit muds. However, the ratios of Bacteroidetes in aged pit muds were higher than those in new pit muds.
Prokaryotic genera as those with relative abundance higher than 1.0% in at least one sample are presented in Figure 2 , including 26 bacterial genera and 5 archaeal genera. In general, these genera constituted 62.8%, 74.6%, 80.5%, and 86.9% of total abundance in N1, N2, A1 and A2, respectively. At the level of genus, there were 13 genera decreased gradually in the process of aged, including Acinetobacter (1.6%, 0.6%, <0.05% and <0.05%),
Anoxybacillus (1.5%, 0.5%, <0.05% and <0.05%), Bacillus (1.7%, 0.4%, <0.05% and <0.05%), Brevundimonas (6.6%, 2.1%, <0.05%
and <0.05%), Carnobacterium (1.3%, 0.6%, <0.05% and <0.01%),
Clostridium sensu stricto (3.4%, 2.7%, 0.3% and 0.2%),
M e t h a n o l i n e a ( 2 . 1 1 % , 0 . 8 7 % , < 0 . 0 1 % a n d < 0 . 0 1 % ) , Methanospirillum (1.8%, 0.6%, <0.01% and <0.01%), Phenylobacterium (1.9%, 0.9%, <0.01% and <0.01%), Prevotella (4.1%, 1.8%, <0.01% and <0.01%), Pseudomonas (1.4%, 0.6%, <0.01%, and <0.01%), Streptococcus (4.8%, 1.7%, <0.01% and <0.01%) and Termus (6.4%, 2.0%, <0.01% and <0.01%).
Conversely, abundances of Clostridium XII (<0.01%, <0.01%, 0.2% and 1.5%), Garciella (<0.01%, 0.5%, 1.1% and 1.7%) and Syntrophaceticus (<0.01%, 1.1%, 1.1% and 2.2%) in aged pit muds were higher than those in new pit muds. Table 1 ). Table 3 shows the 16S rRNA gene copies of 
Quantitative analysis by qPCR
Discussion
In this study, prokaryotic community of new and aged pit muds was studied. New and aged pit muds could be distinguished by high-throughput sequencing of 16S rRNA. Pit muds used for 5-year and 10-year (N1 and N2) were classified into the new pit mud, which was concordant with Ding et al. (2014) and Tao et al. (2014) , some special communities in pit mud have to be cultivated for more than 20 years in order to produce high quality liquor (Ding et al., 2014) . Species in new pit muds were enriched but unbalanced and with useless brewing microbiota, which may be the cause in forming off-flavors in liquor, namely, liquor distilled from
Zaopei fermented in new cellar is poor-quality.
To our knowledge, it is the first time that Methanolinea and Thermogymnomonas were detected from pit mud. Methanogens play important roles in fermentation and enhance the quality of liquor, especially co-fermented with caproic acid bacteria (Shen, 2014) . The genus Methanoculleus, widely detected in pit mud (Ding et al., 2014; , utilize H 2 /CO 2 as substrates for methanogenesis, cannot use acetate and methylated compounds like methanol, methylamines and methyl sulfides as substrates 
Methanolinea, Methanosaeta and Methanospirillum decreased in t h e p r o c e s s o f a g e d , a m o n g t h e m M e t h a n o l i n e a a n d
Methanospirillum are hydrogenotrophic methanogens (Lee et al., 2016) . Methanosaeta, belonging to Methanosarcinales, metabolizes acetate and acetic acid as the substrate (Fermandez et al., 2000; Liu and Whitman, 2008) , so the reduction of Methanosaeta in aged pit mud may bring about the increases of acetic acid.
Microbes in the class Clostridia have been identified as the dominant bacterium in pit mud and can form representative aroma components, four organic acids and their ethyl esters, for Luzhouflavor liquor (Hou et al., 2013) . Sedimentibacter ferments amino acids and glycine to ethanol or to acetic acid and butyric acid (Obst et al., 2005.) . Syntrophomonas can produce acetic acid (McInerney, 1992) . Tissierella produces acetic, butyric, isovaleric acids (Vos et al., 2009) . C. kluyveri produces caproic acid (Barker and Taha, 1942; Weimer and Stevenson, 2012) which was the precursor for ethyl caproate, the typical flavor of Luzhou-flavor liquor. Hu et al. (2015) had found that C. kluyveri in aged mud for distillery was higher than that in new mud by qPCR, which was consistent with our study. Tao et al. (2014) have found that the relative abundances of Syntrophomonas and Sedimentacter in aged pit muds were higher than those in new pit muds from the same Luzhou-flavor liquor manufacture, which was in accordance with the result of this study.
In pit mud, the principal orders in the class of Bacilli were Bacillales and Lactobacillales. Both of them decreased in the process of being aged. As lactic acid producing microbes (Wasney et al., 2001) , the numbers of Carnobacterium, Lactobacillus and Streptococcus in new pit muds were higher than these in aged pit muds. The reduction of these three genera resulted in the reduction of lactic acid and ethyl lactate in aged pit muds. Tao et al. (2014) have reported that the numbers of Lactobacillus decreased with the increasing years in pit mud. Anoxybacillus and Bacillus belonging to Bacillales are endospore-forming bacteria. The genus Anoxybacillus encompasses aerotolerant anaerobes, aerobes, or facultative anaerobes (Inan et al., 2011) , and the genus Bacillus is aerobic and facultatively anaerobic (McKillip, 2000) . In the progress of becoming aged, pit mud becomes anaerobic state (Zhang et al., 2011) . The lack of oxygen could be one of the major causes in decreasing of Anoxybacillus and Bacillus in aged pit muds.
As the second major bacterial phylum, the numbers of Bacteroidetes increased in the aged process of pit muds.
Specifically, aged pit muds had higher ratios of Petrimonas and
Proteiniphilum, but lower ratios of Prevotella, Petrimonas and
Proteiniphilum. Petrimonas and Proteiniphilum are fermentative bacteria, utilizing a wide range of sugar and peptone (Chen and Dong, 2005; Yamada et al., 2006) , producing acetic acid, hydrogen and carbon dioxide (Krieg et al., 2010) . So they may contribute not only to the increase contents of acetic acid, but also the forming of anaerobic state and the reduction of aerobic genera, Acinetobacter, Brevundimonas, Phenylobacterium and Pseudomonas (Proteobacteria phylum) and Thermus (Deinococcus-Thermus phylum) (Peleg et al., 2008; Oh and Roh, 2012) in aged pit muds.
We define the microbe which could be used to distinguish new pit mud from aged pit mud as indicator-like microbe. From highthroughput sequencing, Bacteroidetes, Lactobacillus and Bacillus were chosen to be the potential indicator-like microbe. So, qPCR was used in this study in quantifying relative amount of them.
Results showed that changes of Bacteroidetes, Lactobacillus and
Bacillus had the same variation trend when detected by both highthroughput sequencing and qPCR, which illustrated that they may be indicator-like microbes. Further studies should be undertaken to 
Conclusion
The combination of high-throughput sequencing and qPCR assay could be used to distinguish new pit muds from aged pit 
